Purpose: The purpose of this paper is to study the absorptive capacity types in the knowledge management literature and aims to understand how companies can strength their contexts of cooperation in order to innovate.
Moreover, it was found that the construct was largely underdeveloped (Noblet et al., 2011) . As also suggested by Roberts et al. (2012) , future studies should explore absorptive capacity as a capability more than an asset and develop a set of variables that essentially influence the level of absorptive capacity (Noblet et al., 2011) . There is still much to contribute to its development and application (Hagemeister & Rodríguez-Castellanos, 2010; Wang & Han, 2011) and to analyse it in longitudinal research (Lowik, Kraaijenbrink & Groen, 2016; Mariano & Walter, 2015; Sun, 2010) .
In light of such recognition about the current problem and previous research on knowledge management and intellectual capital, this study aims to examine the following two significant research questions. The primary purpose is the revision of more comprehensive conceptualizations, types and measurements of absorptive capacity as a complex construct to expand our understanding of the links between absorptive capacity and knowledge sources. The second motivation of this research is driven by the next question: ''the knowledge absorptive capacity to improve the cooperation and innovation in the firm''. This paper is organized as follows. First, the construct of absorptive capacity is above introduced, providing an appropriate working framework. Second, the authors focus especially on the relationship between absorptive capacity and the sources of knowledge. Third, the discussion is then moved to the types of absorptive capacity in the contexts of cooperation. Fourth, the conclusions and limitations are discussed. Finally, the references and appendixes complete this article.
The Relationship Between the Sources of Knowledge and Absorptive Capacity with the Innovation Performance
The firm's absorptive capacity has been strongly linked to its performance and long-term survival (Cohen & Levinthal, 1989 , 1990 . Innovation performance is a fundamental source of competitive advantage and is affected both by the origins of the existing knowledge that is combined to generate innovation and by how economic actors search for new knowledge (Capaldo & Messeni, 2015) .
We summarize the most relevant contributions of the specialized literature. Aribi and Dupouët (2016) suggest that, far from being linear, the process displays several feedback loops, both within and between each phase of absorption. Lowik et al. (2016) determine that managers who seek to improve knowledge-intensive teams' performance are advised to take a holistic approach and to consider the triad of team absorptive capacity: team members' individual absorptive capacity, mechanisms that enable and motivate knowledge integration. The authors show how a configurational approach deepens understandings of the micro-foundations of team absorptive capacity. Rezaei and Darwish (2016) reveal the complex interplay between the antecedents of absorptive capacity and demonstrate that these antecedents vary, comprising exploratory, transformative and exploitative learning processes. Grandinetti (2016) utilizes this construct to clarify the difference between Small and Medium-Sized Enterprises (SMEs) and larger corporations from the knowledge management standpoint. The author argues that the difference is generally attributed, somewhat superficially, to the fact that SMEs rely more heavily on external sources of knowledge. This would be true if such external sources were always used in lieu of internal knowledge creation processes, but large companies also nourish their internal knowledge production capacity through equally robust knowledge absorption channels. Capaldo and Messeni (2015) studied the Research and Development (R&D) alliances and found that whereas the integration of geographically distant knowledge and of organizationally proximate knowledge in R&D alliances are negatively related to the alliance innovative performance, search span positively moderates both relationships. The researchers conclude that enterprises participating in R&D alliances should integrate geographically distant but organizationally proximate knowledge. By doing so, firms take advantage of the diversity and novelty that characterizes geographically distant knowledge, while preserving considerable levels of relative absorptive capacity that are needed for them to understand, internalize, and effectively use partners' knowledge from different domains. Yoo, Sawyerr and Tan (2015) support the existence of direct effects of environmental and firm-specific factors as well as the moderating effects of the external environment on firm-specific factors. Díaz-Díaz and Saá-Pérez (2014) confirm that the type of knowledge source used, internal or external, constitutes an important decision, and reveal that it is necessary to identify each of the possible sources likely to be used, since their influence on innovation can differ depending on the importance of the internal knowledge base. The policy to renew knowledge in order to update a firm's capacity to innovate is an essential executive decision, which has significant consequences on the knowledge management process as several authors have confirmed (Fixson & Lee, 2012; Messeni, Rotolo & Albino, 2012; Sun, 2010) .
With regard to the use of internal knowledge sources, the authors' findings confirm that the absorptive capacity increases innovation up to a certain point, after which this positive effect may decline. It can be said that firms with an excess of internal knowledge do not obtain better innovative results because over time, firms tend to enter a state of inertia and need external sources of knowledge to renew their knowledge. Because "the confluence of excessive internal knowledge and organizational inertia may make the relationship between the firm's absorptive capacity and innovation non-linear" (Díaz-Díaz & Saá-Pérez, 2014: page 440) . Paulsen and Hjertø (2014) suggest that individual and group autonomy, along with individual experiences of absorptive capacity, supports complementarily inter-organizational knowledge transfer. Noblet et al. (2011) emphasize the role of trust in the growth of its capacity. Wang and Han (2011) centre on environmental conditions and the absorptive capacity-innovation performance relationship, with a special attention on researching the importance of the network structure. Sun (2010) suggests that five key organizational themes influenced the processes of acquisition, creation, utilization and sharing and call for further investigations of the exploration-exploitation tension. Nieminen (2005) asks for a holistic understanding of the effects of the relationship context and the partners. Kale and Little (2005) analyze the organizational learning in developing countries and exploration of institutional environment for organizational learning.
The Typology of Absorptive Capacity in the Contexts of Cooperation for the Innovation Efficiency
From the standpoint of the economics of innovation, R&D alliances and cooperation can be appreciated as the process of spillover which is an economical term to represent knowledge dissemination. Unlike physical assets, knowledge is hard to appropriate and easily diffused in the economy through various channels (Fukugawa, 2015) .
According to Cohen and Levinthal (1990) , the user of knowledge cannot benefit from spillover from the provider of knowledge for free. What is fundamental is absorptive capacity, which raises to the user's internal re-sources to identify, value, assimilate and exploit external sources of knowledge.
One of the main ideas in absorptive capacity literature is that "an organization's absorptive capacity will depend on the absorptive capacities of its individual members" (Cohen & Levinthal, 1990: page 131) . For example, Fukugawa (2015) shows how the concept of absorptive capacity can be applied to teaching in English as a spillover channel. The author supposes that a lecture is a mode of knowledge transfer and students are assumed to retain a certain level of absorptive capacity through intellectual and linguistic skills which constitute their 'absorptive capacity' and enable them to acquire 'new knowledge' from 'spillover pool'.
For the participants to make the most of external knowledge, they need to accumulate absorptive capacity through their own 'learners' comprehension and linguistic skills. No matter how large the spillover pool is, it does not make sense if the user has no absorptive capacity (Fukugawa, 2015) . Once we can understand it, as a typical application of absorptive capacity of Cohen and Levinthal (1990) to particular field and we can observe that capacity as a collective construct.
The review of the more relevant research determines that Van der Heiden, Pohl, Mansor and Van Genderen (2016) differentiate the "necessitated" absorptive capacity as a dynamic capability. On the other side, Zahra and George (2002) distinguish two types of absorption capacity: The potential and realized. In this line, we can find examples of its terminology. For instance, Ojo, Raman and Chong (2016) concentrate on "potential absorptive capacity" to elucidate the factors that underlie the differences in individual absorptive capacity within the context of joint project teams. Martelo-Landroguez and Cegarra-Navarro (2014) examine the significance of knowledge transfer and knowledge storage/retrieval processes as bridges between "potential absorptive capacity" and "realized absorptive capacity" and its effects on the application of knowledge. The researchers reveal that a "realized absorptive capacity" is unlikely without being fostered by the transference and storage of new knowledge and it therefore requires empowerment by its facilitating factors.
That is possible because few studies aim to describe of how its capacity works (Cohen & Levinthal, 1990; Lane, Koka & Pathak, 2006; Todorova & Durisin, 2007; Volberda, Foss & Lyles, 2010; Zahra & George, 2002) . Aribi and Dupouët (2016) resume the next agreements. First, all authors present absorptive capacity as a process that unfolds over time and that may involve different actors of the firm. Second, despite the differences between models, everybody can distinguish three main phases: exploration, transformation, and exploitation.
Based on the knowledge management and notion of organizational absorptive capacity as a meta-routine capacity (Paulsen & Hjertø, 2014; Sun, 2010; Van der Heiden et al., 2016) and surrounded in the contexts of cooperation, the typology of absorptive capacity represented need to be connected with the organizational objective settings. When the sources are external, the absorptive capacity allows employees the introduction of significant data and tracks the potential information around its boundaries. In order to obtain a realized capacity is required a potential capacity. The more potential can mean a greater realized percentage. The well-performance absorptive capacity firm converts its potential in realized actions.
Taking into account these considerations, the following hypothesis can be stated as: 
H3. The potential absorptive capacity has a positive and significance relation with the realized absorptive capacity.
Furthermore, the company workers should clearly identify what the goals required to improve the internal R&D projects are. We consider that the company when learns is a profitless process unless it is related with instruments to improve. While the learning is an accumulative process without end, the useful absorptive capacity depends on the establishing of objectives. The absorptive capacity finishes when the objective is satisfied and thus more learning is not necessary.
Taking into account these considerations, the following hypothesis can be indicated as:
H4. The potential absorptive capacity has a positive and significance relation with the organizational objectives.
H5. The realized absorptive capacity has a positive and significance relation with the organizational objectives.
H6. The realized absorptive capacity has a positive and significance relation with the innovation efficiency.
H7. The organizational objectives have a positive and significance relation with the innovation efficiency.
For contributing to the literature, the Figure 1 shows the proposed model and we can observe the typology of absorptive capacity as a potential method to con-tribute to the innovation improvement. Thus, this contribution opens the black box of the absorptive capacity that permit the managers take consciousness of the potential advantages to strengthen the cooperation contexts. 
Data and Sample
With the purpose of testing the previously planned hypotheses, an empirical study was organized on the basis of the Spanish industrial firms that responded to the Survey of Business Strategies (SBS). The SBS has been managed by the SEPI Foundation in cooperation with the Spanish Ministry of Science and Technology since 1990 and aims to examine the evolution of the strategies of Spanish industrial firms. This survey represents an unbalanced panel since some companies cease to provide information while others continue to do so every year. In particular, it composes a mixed data set in which a random sample of small firms (with fewer than 200 employees) is established, while for large corporations (with more than 200 employees) the sampling is more extensive. The replies are voluntary, respondents are guaranteed confidentiality and the survey would be used to form a government policy. The response rates for different sectors and sizes are consistent with the overall response pattern. Therefore, one of the points that differentiate the SBS from other data sources is its explicit objective of generating information with a panel structure. All the information incorporated in the SBS is subjected to validation and logical consistency controls.
To carry out this research, and after data screening, a sample included of a balanced panel of 5,566 firms. There were considered only those organizations that have consistently responded to the survey in the analysis period, 2010-2015 to determine a sample of complete panel of companies. Thus, 1.220 firms for a three-year period was used, which represents a total of 3,660 observations. The sampling error was 0.2457 with a confidence level of 95%. The sample was stratified by 20 Standard Industrial Classification (SIC) codes. Table 1 summarizes the industries comprised in the sample.
Number of firms in each year
Low technology industry 563
Meat industry 47
Food and tobacco products 156
Beverages 29
Textiles and clothing 80
Leather and footwear 33
Wood industry 36
Paper 53
Editing and graphic arts 48
Furniture 50
Other manufacturing products 31
Medium-low technology industry 339
Rubber and plastic products 70
Non-metallic mineral products 84
Metallurgy 44
Metal products 141
Medium-high technology industry 251
Chemical products 87
Machinery and mechanical equipment 73
Motor vehicles 62
Other transport equipment 29
High technology industry 67
Office and data processing machines; precision and optical instruments 20
Machinery; electrical and electronic goods 47
Total Firms 1,220 
Variables
The constructs were treated through an iterative process, using insights from previous literature and follow mainly to Beneito, Rochina and Sanchis (2011) Control variables. The control variables included in this research are: Size, measured as the logarithm of number of employees. Age calculated as the number of years since the company's founding and the firm's Return on Assets, which is measured in the same year because we try to understand the immediate effects of absorptive capacity. The differences between industries, in terms of economic and technological opportunities, result in appropriability or market concentrations, measured through four dummy variables that represent the Industry's Technological Intensity; Location calculated as a dummy variable, which takes the value of 1 if the firm responds affirmatively to the question about national or international markets; Annual time dummies to control macroeconomic trends such as economic downturns and periods of technological growth that could affect overall innovation probability. Two dummy variables, the first being Market Stable, which takes the value of 1 if the firm responds affirmatively to the question about stable markets, and 0 if the markets are expanding; and the second, Market in Recession takes the value 1 if the firm responds affirmatively about recessive markets, and 0 if it does not. In addition, Table 4 condenses the variables used in this research.
In order to provide more information about the different variables used in this study, Table 5 gives bivariate correlations, as well as the summary statistics.
Variable Description
Innovation efficiency Innovation: number of new products obtained by the firm in each year.
Organization objectives Internal R&D effort: logarithm of the internal R&D expenditure in each year.
Potential absorptive capacity
Technological vigilance: Factor dimension that comprises three items that reflect the evaluation of alternative technologies, the evaluation of technological change and the contracting of outside consultants in each year.
Realized absorptive capacity
Technological management: Factor dimension that reflects the existence of a technology management or committee, the preparation of a plan and the measure of results obtained in this management process in each year.
Cooperative activities 
Econometric specifications
To test the hypotheses, a regression lineal model that analyses the relationship between the types of absorptive capacity and organization objectives as well as the cooperation activities effect was specified. The variables were significant at the probability p, 0.10(*), p, 0.05(**) and p, 0.01(***) level. Additionally, due to the fact that the principal dependent variable, the "Innovation efficiency", is a non-negative, integer count variable, a negative binomial panel estimation is used. We followed the recommendation of Díaz-Díaz and Saá-Pérez (2014) and, for such data, count models provide an econometric improvement over the classical linear regression models because this type of data violates one of the main assumptions of the classical linear regression model. The negative binomial model is an extension of the Poisson model and allows for management of over-dispersion. The Lagrange multiplier test of over-dispersion to test this supposition was conducted and the results revealed that a negative binomial model provides a significantly better fit than the Poisson model, as will be seen in the Table 11 . Moreover, in order to control for unobserved time-constant heterogeneity, which may affect a firm's innovative performance, we have estimated a negative binomial panel data model. The proposed models were estimated using the econometric package SPSS v.24.
Results
First, to ensure that multicollinearity is not a problem in the models, variance inflation factors (VIFs) for variables were calculated. The VIF levels are below the critical threshold of 10, indicating that multicollinearity does not contaminate the results (O'Brian, 2007) . The mean VIF-values are below 3 and the mean VIF-value in the study is 1,659, as shown in Table 6 . Therefore, no serious concern about multicollinearity was raised. Second, to analyze the influence of cooperation activities on types of absorptive capacity several regression models have been estimated. The models shown in Tables 7 to 10 consider respectively "Technological vigilance", "Technological management", "Internal R&D effort" as the dependent variables. Model I only considers the influence of the control variables on a dependent variable. The main effects of cooperation activities to Model II were added. The firm's absorptive capacity is introduced in Models III and IV.
With the aim of testing hypothesis H1 and H2 related with the relationship between external sources and absorptive capacity, the dependent variables were included in the models. As shown in Model II of Table 7 and  Table 8 , when the establishment of joint ventures and the agreements with suppliers and customers are added, models fit increases in a significant way.
The results of Model II of Table 7 and Table 8 show a positive and significant influence of the three actions that form the cooperation activities (p, 0.01). Similarly, the results of Model III of Table 8 reveal a positive effect of cooperation activities on technological management, as well as the technological vigilance (p, 0.01), in order to test H3.
With the intention of testing hypothesis H4 and H5 related with the types of absorptive capacity and organizational objectives around internal R&D, the cooperation activities were included in the Model II of Table 9 . These actions are positive and significant on dependent variable.
Then, the technological vigilance was incorporated in the Model III of Table 10 . In this step, the results show a positive and significant influence of the technological vigilance (p, 0.01). In the next step, the technological management was included in the Model IV of Table 10 and while the results show a positive and significant influence of this variable (p, 0.01), the technological vigilance loses the significance and, thus, gives more support for H3 when the absorptive capacity explains the relationship with the internal R&D effort. Furthermore, the Adjusted R-Squared of Model IV raises to 0.650 of explained variance.
Regarding control variables, results reveal that a firm's size and age have a positive and significant effect on internal R&D effort. Moreover, firms in sectors with a medium-low, medium-high and high technological intensity have a positive effect on internal R&D effort. With the aim of testing hypothesis H6 and H7 related with the relationship between organizational objectives, realized absorptive capacity and innovation, the negative binomial was used. The Akaike and Bayesiana information criterions, show in the Table 11 , are measured of the relative quality of statistical models for a set of data. Given a set of candidate models for the data, the preferred model is the one with the minimum AIC or BIC value (Akaike, 1974; Schwarz, 1978) .
The log-likelihood reported for the negative binomial regression is -4054,430. Compare this to the Poisson model. The log-likelihood reported for the Poisson regression is -9922,545. This is actually smaller than the log-likelihood for the negative binomial regression, which indicates that this Poisson regression does not offer an improvement over the negative binomial regression. Moreover, the Lagrange multiplier test is significant and indicates the fit of the negative binomial model.
The Model I of 
Discussion
This study reveals important empirical results that make a significant contribution to clarifying the question about the influence of the types of absorptive capacity on innovation efficiency. First, with regard to the use of external sources of knowledge, the paper findings confirm that the relationship between the cooperation activities and firm's absorptive capacity, as stated H1 and H2. Furthermore, while suppliers and customers' cooperation are relevant actions to increase the internal R&D effort, joint ventures and customers' cooperation are significant to the growth of new products. In the other side, joint ventures have a negative and significant influence in the organizational objectives in internal R&D and suppliers' cooperation has no-significant effect on innovation.
Second, potential absorptive capacity, measurable as technological vigilance in this research, is a significant element of the internal R&D effort when the realized absorptive capacity is out of the regression, as stated H4. Moreover, it appears as significant and positive influence on innovation models. Third, realized absorptive capacity, measurable as technological management in this study, capture all the explain power of the potential absorptive capacity when the internal R&D effort was globally estimated, as H3 stated. The realized absorptive capacity is the most significant factor to explain the internal R&D effort and influence highly on the new products, as H5 and H6 stated. Forth, the organizational objectives in internal R&D, measurable as internal R&D effort in this research, are pertinent elements on new products, as H7 stated.
Finally, the findings of this study should be noted as it is based on panel data models and are consistent with previous works, related with the absorptive capacity is a mediating instrument between technology alliance diversity and innovation (Lucena & Roper, 2016) , the significate interaction between external and internal knowledge sources on new products (Díaz-Díaz & Saá-Pérez, 2014), the high positive impact of internal R&D activities (Sánchez, Rosell & García, 2013) , the innovation process is not a sectoral phenomenon (Segarra-Ciprés et al. 2012) , the importance of size variable (Revilla & Fernández, 2012) , the R&D as a determinant of innovation, the low statistical significance of the age variable (Beneito et al., 2011) and the positive effects of technological knowledge assets on innovation process (Díaz-Díaz et al., 2006) .
Conclusion and Limitations
In light of such insights from the knowledge management standpoint, this study considers it is necessary to analyze the typology of the absorptive capacity that can allow managers to understand an innovation efficiency process in the cooperation context and, therefore, make better decisions. The confluence of cooperation activities, firm's absorptive capacity and organizational objectives in internal R&D will obtain higher innovative results.
Companies need external sources of knowledge to renew their knowledge. Thus, they need to look outside the company's boundaries and, as a final point, they need experience and resources in internal R&D to be able to develop more innovation. The paper confirms that the potential and realized absorptive capacity comport and cause effects in diverse way. We provide evidence that types of absorptive capacity and internal R&D effort serve as mediating mechanisms between cooperative activities and innovative performance. Our study advances the literature on absorptive capacity by showing how firms use their positions of technological vigilance and management to form their capabilities, and subsequently, to enhance innovation outcomes. This theoretical contribution completes the previous theoretical support found in the related literature (Table 12) . Third, once the typology has been performed, other types of absorptive capacity can be identified in the different inter and intra-organizational contexts because its construct not only depends on the individuals' analysis level, but also on the team characteristics, the social integration mechanisms or the long-term effects that influence communication between these individuals. Future studies would introduce the specific types of absorptive capacity or different analysis level to expand the research. Thus, there are opportunities for further research to contribute to the growing literature. The first could be a study of the detailed antecedents and its effects for each type of absorptive capacity. The second could be an explanation of knowledge sources and the capacity to absorb them in the context of the services sector. Finally, more theoretical development and discussion is recommended.
